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© Thermoplastic container. 

© A process is disclosed for the fabrication of a 
thermoplastic container having a lid bonded thereto. 
The container and lid are formed from laminated 
thermoplastics wherein at least one of the layers that 
forms the laminate is dielectrically heatable. The 
heatable layers of the cup and lid are placed in 
contact with one another, dieiectrically heated, and 
melt together to form a continuous bonded area or 
lid seam between the cup and lid. The materials of 
the cup and lid are selected such that the resultant 
bonded area forms an oxygen barrier between the 
contents of the container and the outside environ- 
ment. The strength of the bonded area is selected 
such that the lid may be manually-removed from the 
Container. 
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THERMOPLASTIC CONTAINER 



Many thermoplastic containers are made of 
multiple layers of different plastics in order to 
achieve the desired barrier properties. For exam- 
ple, tubs, cups, jars and pails (hereinafter termed 
containers) are made of starting materials which 
are multi-layered laminates of a plastic which 
serves as a water or solvent barrier, and a second 
plastic which serves as an oxygen or air barrier. 
These barrier layers are usually held together with 
an adhesive or tie layer which facilitates the forma- 
tion of the layers into a single sheet or billet, from 
which the container is made. The typical moisture 
or solvent barrier plastic is a type of polyolefin 
such as polypropylene or polyethylene and the 
typical oxygen barrier plastic is a polyvinylalcohoi. 
a polyvmytidene chloride, a nylon, a polyacrylonitril 
or a polyester. The tie layer is usually made of the 
polyolefin onto which are grafted some polar mon- 
omers, typically containing an acid or anhydride 
moiety, like polypropylene with maleic anhydride 
grafted thereto. 

The making of such laminates is well known. If 
two thermoplastics are compatible, they can be 
laminated by melting at least the surfaces of the 
pieces in contact with one another and by applying 
pressure. If the two thermoplastics are not compati- 
ble, they can be made into a laminate by placing 
the tie layer between the incompatible layers. 

Once the container has been formed and filled, 
a lid is fixed to the lip of the container. The lid 
should be made of a material which affords at least 
the came barrier properties as the container. The 
bond between the lid and the container should 
preferably afford a strong barrier to oxygen and 
water, yet should be weak enough to be readily 
removed when the user seeks access to the con- 
tents of the container. 

One way of solving this sealing problem is to 
use aluminum lids which are heat-sealed to the 
container, wherein the lid is provided with an easily 
opened flap. For example, the aluminum lid may 
be melted or adhesively bonded to the container 
and provided with a spiral tear-away tab. A similiar 
solution can be used with a plastic lid, i.e. the 
plastic lid may be melted to the lip of the container 
and the lid opened by cutting or tearing through 
the portion of the lid not bonded to the container. 
Neither of these solutions yields a reusable lid and 
often the container is supplied with two lids, one 
that is destructively removed and a second which 
is used to reseal the container (such as those 
currently used on coffee or peanut containers). 

Typical methods of bonding a lid to a mul- 
tilayer plastic container involves the use of an 
adhesive, spin welding, conventional 



convection/ conductive heating and dielectric heat- 
ing. 

When dielectric heating is used to seal a lid on 
a container where one or both of the materials of 

5 the lid or container were polyolefins, the potyoiefins 
were treated, either on their surfaces or by inclu- 
sion of additives in order to get the cup lip and the 
lid lip to heat to radio frequency or microwave 
frequencies (0.1-10,000 MHz). Neat polyolefins are 

io essentially transparent to radio frequency or' micro- 
wave radiation and will not adequately heat." Poly- 
mers containing polar moieties, such as vinyl* 'al- 
cohol or vinylidene chloride or copolymers of eth- 
ylene and CO will heat when subjected to micro- 

15 wave and/or radio frequency radiation. 

A dielectrically heatable thermoplastic is one 
that absorbs enough power at a frequency between 
about 0.1 and about 300 MHz. preferably between 
about 0.1 and about 200 MHz, to melt, at a field 

20 strength lower than the arc strength, to melt. Such 
thermoplastics are generally those with Loss In- 
dexes above about 0.08. preferably above 0.09 and 
most preferably above 0.1. {Dielectrically non- 
heatable thermoplastics are those which will not 

25 melt at the applied field and frequency. Generally, 
these thermoplastics are those with Loss Indexes 
below about 0.07. preferably below about 0.06 and 
most preferably below 0.05 at the applied field and 
frequency). 

30 It is desirable that the barrier layers of a com- 

bination lid and container entirely surround the 
contents in order to protect them. It is therefore 
desirable that when multi-layered polar and non- 
polar plastics are used in the lip and the container 

35 that there be a bond between at least one of the 
non-polar and one of the polar layers when the lid 
is sealed to the container. On the other hand, it is 
desirable that the lid be easily removable without 
damage to the lid or the container. It is aJso desir- 

40 able that the lid be reusable, i.e. that it be such that 
it can be repeatedly fixed to the container, not 
bonded to the container but have the capability of 
snapping onto the container. 

The conventional bond and the conventional 

45 bonding method used between multilayer plastic 
lids and containers rely on a compromise. It is 
conceded that there will be a breach in at least one 
and probably two of the layers. That is, conven- 
tional layered lids and containers are made so that 

50 the oxygen barrier layer or layers have at least one 
moisture barrier layer between the oxygen barrier 
layer or layers and the environment, and between 
the oxygen barrier layer or layers and the contents. 
But, at the weld between the lid and container 
typically the oxygen barrier layer of the lid and 
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container is not continuous and often one or more 
of the moisture barrier layers is not continuous. 
However, typically the thickness of the package at 
the weld line between the lid and container is 
considerably more, as much as ten times more, for 
example, than is the thickness of the body of the 
container. This increased thickness partially com- 
pensates for the break or breaks in the oxygen 
barrier layer or layers. That is, in a polypropylene, 
polyvinyl alcohol, polypropylene layered package, 
polypropylene is not considered a particularly good 
oxygen barrier when present in a ten (10) mil 
thickness, as it might be present in the body of a 
cup. But, when the thickness at the weld line is one 
hundred (100) mils, it partially compensates for the 
break in the polyvinyl alcohol which occurs at the 
weld line between the cup and the lid. 

Even so. the risk of food spoilage and/or the 
occurance of botulism precludes extensive un- 
refrigerated shelf lifes for containers having breaks 
in the oxygen barrier. A container and lid assembly 
system need be developed that results in an un- 
broken oxygen barrier layer, yet allows the lid to be 
removed and subsequently placed back on to the 
container. 

The present invention provides a thermoplastic 
container comprising a cup having a first lip and a 
lid having a second lip, said lips being sealingly 
bonded wherein at least the first lip is a laminate 
made of at least one dielectrically heatable thermo- 
plastic and at least one dielectrically nonheatable 
thermoplastic, and at least a portion of the second 
lip is made of thermoplastic compatible with the 
dielectrically-heatable thermoplastic of the first lip 
where the geometry of the lips and the sequence 
of the layers in the laminate or laminates are such 
that at least a continuous portion of the heatable 
thermoplastic of the first lip is in contact with a 
continuous portion of the compatible thermoplastic 
of the second lip when the lid is on the cup, said 
lips being sealingly bonded by; 

- contacting said lips together, 

- dielectrically heating at least that portion of the 
heatable thermoplastic in the first lip until it melts, 

.and 

- applying pressure to increase the bonded area 
between the lips, 

wherein the bonded area is selected such that the 
lid may be peeled from the cup. 

For the case of a container or lid made from a 
single layer, the single layer would be a dielec- 
trically heatable thermoplastic which is compatible 
with at least one of the dielectrically heatable lay- 
ers of any plural layer laminated part. At least one 
of the dielectrically heatable layers would be in 
direct contact with the dielectrically heatable layer 
of the other part when the lid is on the container. 
An example of this type of combination would be a 



container made of a laminate of a layer of poly- 
propylene, a tie layer of a graft polymer of poly- 
propylene and maletc anhydride, and another layer 
of polyvinylidene chloride; and a lid part made of 
5 polyvinylidene chloride. Another example of this 
type of combination would be a lid made of a 
laminate of a polypropylene layer, a tie layer of a 
polypropylene maieic anhydride graft copolymer, 
and a polyvinyl chloride layer, with the container 
to made of polyvinyl chloride. 

One preferred embodiment of the invention is a 
laminated container and laminated lid, each made 
of at least one layer of compatible, dielectrically 
heatable thermoplastic and at least one dielec- 
15 trically non-heatable therm o p iastfc ' and where at 
least one dielectrically heatable layer oUhe con- 
tainer is in direct contact with at least one compati- 
ble dielectricaJly heatable layer of the lid when the 
lid is on the container. 
20 A particularly preferred jcombination is one 
where both the container and the lid are laminates 
having the same matched sequence of layers of 
thermoplastics and where the heatable layers and 
the non-heatable layers are in matched contact 
25 when the lid is on the container. This embodiment 
is especially useful when the heatable layer is 
between two non-heatable layers and the heatable 
layer is an air barrier and the non-heatable layer is 
a water barrier. An example of the above would be 
30 a lid and a container both made from a laminate 
having a 40 mil layer of polypropylene, a 5 mil 
layer of a graft copolymer of polypropylene and 
maieic anhydride (a tie layer), a 10 mil layer of a 
copolymer of vinyl alcohol and ethylene, a 5 mil 
35 layer of a graft copolymer of polypropylene and 
maieic anhydride (a tie layer), and a 40 mil layer of 
polypropylene. 

The geometry of the lip of the lid and the lip of 
the container must be such that at least part of the 
40 heatable layer of one part of the combination and 
part of the heatable layer of the other part are in 
contact, the two heatable layers being compatible. 
It is also preferred that part of the non-heatable 
layer of a laminate be in contact with the other part. 
45 A particular preferred geometry for the combination 
is to have at least one compatible heatable layer of 
each part in contact with one another and at least 
one compatible non-heatable layer no more than a 
tie layer away from the heatable layer of each part 
so in contact. The most preferred geometry is one 
where a compatible heatable layer on each part 
and compatible non-heatable layers on either side 
of the heatable layer are in contact. 

The lid of the present invention is also peela- 
55 ble, being attached to the container with a bond 
strong enough to hold the lid on the container but 
which may be manually broken and peeled away. If 
the force is to be supplied by the average human, 
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a peel resistance of between about 5 and about 10 
psi. preferably between about 5 and about 8 psi 
should be the resistance generated by the width of 
the bond. Where the available force is to be ap- 
plied with a mechanical enhancement {a bottle 
opener, for example), the peelabie bond resistance 
can be somewhat higher. 

It is therefore an object of the invention to 
provide an openable container having a resealable 
lid. 

It is a feature of the present invention to use 
radio frequency radiation to bond dielectrically- 
heatable oxygen barrier layers of the container and 
the lid together. 

These and other features, objects, and advan- 
tages of the present invention will become appar- 
ent from the following detailed description, wherein 
reference is made to the Figures in the accom- 
panying drawings. 

Figure 1 is a pictorial view of a typical con- 
tainer 20 and lid 21 made by thermoforming. vacu- 
um forming or solid phase forming from a sheet or 
billets of thermoplastic, both the container and lid 
having electrodes 31 placed adjacent the 
container/lid bonded area. 

Figure 2 is a schematic representation in 
partial cross section of the container and lid cut 
along line 2-2 of Figure 1 wherein the lid 21 is 
made of a single heatable thermoplastic layer 24 
and the container is a laminate made of a heatable 
thermoplastic layer 24 and a non-heatabie layer 25, 
separated by tie layer 27. 

Figure 3 is a schematic representation in 
partial cross section of an alternative embodiment 
of the apparatus of Figure 2, wherein the lid 21 and 
container 20 are laminates and wherein the com- 
patible heatable layers 24 and the compatible non- 
heatabie layers 25 are in contact and the bonded 
area 28 between the lid 21 and container 20 is 
between the heatable layers 24, the tie layer 27, 
and a small part of the non-heatabie layers 25. 

Figure 4 is a schematic representation in 
partial cross section of an alternative embodiment 
of the apparatus of Figure 2, wherein the container 
20 and lid 21 have their lips 22 and 23 formed in a 
stepped fashion. 

Figure 5 is a schematic representation in 
partial cross section of a close-up of the bonded 
area 28 of Figure 4. 

Figure 1 is a view of a typical container 20 and 
lid 21 made by thermoforming, vacuum forming or 
solid phase forming from sheet or billets. The con- 
tainer lip 22 is sealed to the lid lip 23. 

Figure 2 is a two-dimensional cross section of 
the container and lid cut along line 2-2 of Figure 1 
wherein the lid 21 is made of a single heatable 
thermoplastic layer 24 and the container is a lami- 
nate made of a heatable thermoplastic layer 24 and 



a non-heatabie layer 25. separated by tie layer 27. 

The thickness of the heatable portion of the 
container is such that the bonded area 28 between 
the compatible heatable portions of the container 

5 lip and the lid lip is peelabie, i.e. a force of about 5 
to about 8 psi can break the bond and peel off the 
lid. There is no bond between the non-heatabie 
layer 25 and the lid 21 because either the non- 
heatabie layer does not melt and/or the heatable 

io thermoplastic lid 21 is not compatible with the non- 
heatabie layer 25. ^ 

Figure 3 is an alternative embodiment of the 
apparatus of Figure 2 wherein the lid 2t and con- 
tainer 20 are laminates and where -the 'compatible 

/s heatable layers 24 and the compatible non-heata- 
bie layers 25 are in contact and the bonded area 
28 between the lid 21 and container 20 is between 
the heatable layers 24, the tie layer 27, and a small 
part of the non-heatabie layers 25. 

20 In both the embodiments of Figures 2 and 3 

there is a overhang 26 which serves as a conve- 
nient place to grip and apply force* to peel the lid 
off. 

Figure 4 is a third embodiment of Figure 2 

25 wherein the container 20 and lid 21 have their lips 
formed in a stepped fashion. Such a container 20 
and lid 21 can be formed out of billets made by 
laminating a stack of different size billets using 
heat and pressure. The sequence of the layers 24, 

30 25 and 27 and the size of the layers 24, 25 and 27 
are such that the heatable layer 24 of the lid 21 is 
in contact with the heatable layer 24 of the con- 
tainer 20. In Figure 4, the layers 27 form tie layers. 
In a combination as depicted in Figure 4, the 

35 heatable layer 24 could be an oxygen barrier such 
as a copolymer of vinyl alcohol and ethylene or 
polyvinyiydene chloride. The non-heating tie layer 
27 could be a water barrier such as a graft 
copolymer of polypropylene and maleic anhydride, 

40 and the non-heating layer could be polypropylene. 

Figure 5 is a close-up of the bonded area 28 of 
Figure 4. The heat generated by heating the heata- 
ble layer 24 in a RF field can melt a small part of 
the other layers by conduction. A littJe pressure will 

45 cause a smaJI part of the non-heatabie tie layer 27 
and non-heatabie polypropylene layer 25 to form 
an end portion 29 of the bonded area 28. This 
gives the bonded area 28 both an oxygen barrier 
and a water barrier component while still remaining 

so narrow enough, i.e. weak enough, to be manually 
peelabie. 

The embodiments of Figures 3 and 4 illustrate 
another feature of the invention. The overhang 26 
which serves as the handle to peel off the lid can 
55 be shaped to reseal the lid to the container. The lid 
21 can be peeled off, i.e. the bonded area 28 can 
be broken, but the lid 21 can thereafter be replaced 
and the overhang 26 which is flexible will hold the 
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lid on the container. The embodiment of Figure 3 is 
also tamper-resistent in that the overhang 26 is 
placed so that once the bonded area 28 is broken 
the lid 21 must be turned over to reseal the con- 
tainer. It should be well understood that many other 
overhang 26 designs may be used to accomplish 
the same mechanical result of resealing the con- 
tainer. 

The absence of the overhang 26 sticking up or 
a signal placed on the underside 30 of the lid 21 
could alert the consumer that the lid 21 had been 
opened on the container 20. 

Referring again to Figures 3-5 the container lip 
22 and the lid lip 23 can be seen to be thicker than 
the bonded area 28. it is the thinness of the bon- 
ded area which allows the lid 21 to be removable 
from the container 20. The narrowness of the bon- 
ded area can be varied by varying the width of the 
heatable layer 24. This width, together with the 
strength of the heatable thermoplastic, determines 
the force needed to peel the lid 21 from the con- 
tainer 20. 

The geometry of the lips 22 and 23 and the 
sequence of the layers in the laminate when both 
parts are laminates determine how much of the 
compatible heatable layers 24 will be in contact 
and, therefore, form the bonded area. The layers 
can be any shape provided a layer of heatable 
thermoplastic on one part is in contact at every 
point on the lip with a compatible heatable thermo- 
plastic on the other part. The outer periphery of the 
container can be any shape such as curvalinear or 
polyhedral or a combination of curvalinear or poly- 
hedral provided the lid is the same shape and the 
above-described contact is made. 

The lamination of the heatable layers of the two 
parts may be accomplished by radio frequency 
heating by placement of a first RF electrode above 
and a second electrode below the juncture of the 
container lip 22 and the lid lip 23 and thereafter by 
application of a field while applying pressure. The 
frequency of the field is between about 0.1 and 
about 300 MHz, preferably between about 0.1 and 
about 200 MHZ. The strength of the field is depen- 
dent on the desired rate of temperature rise and 
the strength at which the system will arc. 

Figures 1 , 3 and 4 show a preferred placement 
of the electrodes 31. Figure 1 shows the lid 21 on 
the container 20 with the electrodes 31 in their 
preferred placement. The electrodes are connected 
to a RF generator as is well known to the art, (not 
shown). The electrodes are placed adjacent the lips 
22 and 23 so as to minimize the amount of heata- 
ble polymer between the electrodes. It is possible 
to place the whole container and lid between RF 
electrodes; but this results in the heating of all of 
the heatable thermoplastic, which is a waste of 
power. While the whole container 20 and lid 21 



could be between the electrodes, it is preferred 
that only the lips be between the electrodes and 
most preferably only that part of the lips which will 
eventually become the bonded area 28. 

5 In order to form the bond, it is necessary to 

melt the surfaces and to apply a pressure to force 
the lid 21 onto the container 20. Only a smaJI 
amount of pressure is needed, preferably above 
about 0.5 psi, more preferably above 5 psi and 

w most preferably between about 5-100 psi. It is 
preferred that the pressure be applied only to the 
lips 22 and 23, most preferably by the electrodes 
31 on either side of the bonded area, 28. Figure 1 
shows the electrodes 31 with a press v connection 

is 32 which are connected to a press (not- shown) to 
supply the needed pressure. 

Many other variations and modifications may 
be made in the apparatus and techniques herein- 
before described, both by those having experience 

20 in this technology, without departing from the con- 
cept of the present invention. Accordingly, it should 
be clearly understood that the-apperatus and meth- 
ods depicted in the accompanying drawings and 
referred to in the foregoing description are illustra- 

25 tive only and are not intended as limitations on the 
scope of the invention. 

Claims 

30 

1 . A thermoplastic container comprising a cup 
having a first lip and a lid having a second lip, said 
lips being sealingly bonded wherein at least the 
first lip is a laminate made of at least one dielec- 

35 tricaily heatable thermoplastic and at least one 
dielectrically nonheatable thermoplastic, and at 
least a portion of the second lip is made of thermo- 
plastic compatible with the dielectrically-heatable 
thermoplastic of the first lip where the geometry of 

40 the lips and the sequence of the layers in the 
laminate or laminates are such that at least a 
continuous portion of the heatable thermoplastic of 
the first lip is in contact with a continuous portion of 
the compatible thermoplastic of the second lip 

45 when the lid is on the cup. said lips being sealingly 
bonded by; 

- contacting said lips together. 

- dielectrically heating at least that portion of the 
heatable thermoplastic in the first lip until it melts, 

so and 

- applying pressure to increase the bonded area 
between the lips, 

wherein the bonded area is selected such that the 
lid may be peeled from the cup. 
55 2. A container as claimed in claim 1 wherein 

the compatible thermoplastic of the second lip 
which contacts the dielectrically heatable thermo- 
plastic layer of the first lip, is dielectrically heata- 
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ble. 

3. A container as claimed in claim 2 wherein 
both of the lips are laminates of at least one 
dielectncally heatable thermoplastic layer and at 
least one dielectncally nonheatable thermoplastic 5 
layer. 

4. A container as claimed in claim 3 wherein 
there is a nonheatable layer on both sides of at 
least one heatable layer. 

5. A container as claimed in claim 4 wherein w 
the sequence of layers in the lid lip matches the 
sequence of layers in the cup lip and each layer in 

the lid lip is essentially the same size as its 
matched layer in the cup lip. 

6. A container as claimed in claims 1 to 5 is 
where the heatable thermoplastic is selected from 

the group consisting of a polyvinyl alcohol, a poly- 
vinylydene chloride or a nylon and the nonheatable 
thermoplastic is a polyolefin polymer or copolymer, 
and the material of the sequence of layers is poly- 20 
propylene, polypropylene/maleic anhydride graft 
copolymer, a copolymer of vinyl alcohol and eth- 
ylene, polypropylene/maleic anhydride graft 
copolymer, or polypropylene. 

25 
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